ABSTRACT

Objectives. This study was con-
ducted to test the supposition that
both smoking and consuming alcohol
suppress host resistance to viral in-
fections.

Methods. The relations between
smoking, alcohol consumption, and
the incidence of documented clinical
colds were prospectively studied
among 391 subjects intentionally ex-
posed to one of five respiratory vi-
ruses and 26 subjects given saline.
Clinical colds were defined as clinical
symptoms verified by the isolation of
virus or by an increase in virus-spe-
cific antibody titer. Analyses in-
cluded control variables for demo-
graphics; body weight; virus; and
environmental, immunological and
psychological factors.

Results. Smokers were at
greater risk for developing colds than
nonsmokers because smokers were
more likely both to develop infec-
tions and to develop illness following
infection. Greater numbers of alco-
holic drinks (up to three or four per
day) were associated with decreased
risk for developing colds because
drinking was associated with de-
creased illness following infection.
However, the benefits of drinkimg oc-
curred only among nonsmokers.

Conclusions. Susceptibility to
colds was increased by smoking. Al-
though alcohol consumption did not
influence risk of clinical illness for
smokers, moderate alcohol con-
sumption was associated with de-
creased risk for nonsmokers. (4m J
Public Health. 1993;83:1277-1283)
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Introduction

Both smoking and alcohol consump-
tion are believed to suppress host resis-
tance and thereby increase the risk of up-
per respiratory infections. In the case of
smoking, epidemiological studies indicate
an increased risk of serologically con-
firmed influenza among otherwise healthy
smokers!-3 although a study of rhinovirus
colds failed to find a relation between
smoking and risk of illness.* Because ex-
posure to infectious agents was not con-
trolled for in the epidemiological work, it
is possible that the increased number of
influenza cases among smokers was at-
tributable to smokers having more close
contacts with infected persons rather than
to decreased host resistance. Moreover,
the recording of illnesses in all these stud-
ies depended on persons seeking medical
care. Smokers may be more likely to seek
medical care when they are bothered by
mild symptoms because they are aware of
being at risk for serious respiratory dis-
ease. Alternatively, they may be less
likely to seek care because they regard
mild respiratory symptoms as normal.

Although the use of alcohol, espe-
cially in excess, is generally viewed as be-
ing immunosuppressive, it is not clear that
documented alcohol-elicited changes in
immune function are of clinical signifi-
cance.5-¢ There are data supporting an in-
creased incidence of bacterial infections
among alcoholics.”8 However, these re-
lations are often attributed to complica-
tions of alcoholism, including nutritional
deficiencies, alcoholic cirrhosis, hygienic
factors, and life-style.5-° Up until now, the
relation between alcohol consumption
and susceptibility to common upper res-
piratory infections in healthy, nonalco-
holic humans has not been studied.

We present data from a prospective
study of the independent effects of smok-
ing and alcohol consumption on suscepti-
bility to the common cold. Healthy per-
sons were questioned about their smoking
and alcohol consumption, and had blood
drawn for immune and cotinine assess-
ments. Subsequently, they were exposed
to one of five respiratory viruses and mon-
itored for the development of clinical ill-
ness. Demographic, environmental, im-
munological, and psychological variables
that might provide alternative explana-
tions for associations between drinking
and smoking and the incidence of biolog-
ically verified colds were also assessed
and controlled for in data analyses. By
experimentally exposing subjects to viral
agents, we eliminated the possibility that
smoking or drinking resulted in exposure
to the infectious agent. Moreover, by
closely monitoring for the development of
infection and illness, we eliminated biases
that can occur when persons must seek
medical care to receive a diagnosis.

Methods

Sample

The study was conducted between
June 1986 and July 1989. The subjects
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were 154 men and 263 women who vol-
unteered to participate in trials at the Med-
ical Research Council’s Common Cold
Unit in Salisbury, England. All subjects
were between 18 and 54 years of age, re-
ported no chronic or acute illness or reg-
ular medication regimen, and were judged
in good health following clinical and lab-
oratory examination on arrival at the unit.
Pregnant women were excluded. In-
formed consent was obtained from each
subject.

Procedures

During their first 2 days at the unit,
subjects underwent a thorough medical ex-
amination; completed a series of question-
naires designed to produce measures of
smoking and alcohol consumption, psy-
chological stress, and personality; and had
blood drawn for immune and cotinine as-
sessments. Subsequently, subjects were
given nasal drops containing a low infec-
tious dose of one of five respiratory vi-
ruses: rhinovirus types 2 (n = 86), 9
(n = 122), or 14 (n = 89); respiratory syn-
cytial virus (n = 39); or coronavirus type
229E (n = 55). An additional 26 subjects
were randomly assigned to receive saline.
For 2 days before and 7 days after the viral
challenge, the subjects were quarantined in
large apartments (alone or with one or two
others). Starting 2 days before viral chal-
lenge and continuing through 6 days after
challenge, each subject was examined daily
by a clinician using a standard checklist of
respiratory signs and symptoms.1® Ap-
proximately 28 days after challenge, the
subjects’ own physicians collected a sec-
ond serum sample for serological testing.

Both the subjects and the investiga-
tors conducting the study were blind to
immune and cotinine assessments, to
whether subjects received virus or saline,
and to the purpose of the study. Investi-
gators were also blind to questionnaire re-
sponses.

Smoking Status

Cotinine, a metabolite of nicotine,
provided biochemical measures of smok-
ing status. Cotinine levels were measured
in serum by gas chromatography.!! The
average of the two cotinine measures (be-
fore and 28 days after challenge) was used
as an indicator of smoking. Persons with
average cotinine levels of 15 ng/mL or
more were defined as smokers while those
with levels of less than 15 ng/mL were
defined as nonsmokers.!2 This cutoff is
closely related to that found in self-reports
of smoking status when smokers are de-
fined as persons smoking at least one cig-
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arette per day. There was 96.4% agree-
ment between self-reported status and
status as determined by cotinine.

Of the subjects exposed to a virus,
104 (26.6%) were defined as smokers. Six-
ty-two reported smoking 1 to 15 cigarettes
per day, and 42 reported smoking more
than 15. Because preliminary analyses in-
dicated that smoking status reliably pre-
dicted clinical colds but that smoking rate
did not, subjects were categorized only by
smoking status (smokers or nonsmokers)
for the purpose of this article.

Alcohol Consumption

Alcohol consumption was measured
by questions that separated weekday and
weekend drinking. A half pint, a bottle or
can of beer, a glass of wine, and a shot of
whiskey contain approximately equal
amounts of ethanol and were each treated
as a single drink. The average number of
drinks subjects consumed on weekdays
when they drank was multiplied by the
number of weekdays on which they
drank. Similarly, the average number of
drinks subjects consumed on weekend
days when they drank was multiplied by
the number of weekend days on which
they drank. The sum of these two mea-
sures was then divided by seven, resulting
in the average number of drinks per day.
Persons indicating that they were occa-
sional drinkers—that is, those who did not
drink every week—were assigned 0 drinks
per day. Never drinkers (n = 46) and oc-
casional drinkers (n = 100) were col-
lapsed to allow for a measure of a contin-
uous drinking rate. This decision was
justified by similar rates of clinical colds for
the two groups (41.3% and 46.0%, respec-
tively; x* = .28, P = .60). The number of
drinks per day was used as the measure of
continuous drinking rate. For the purpose
of calculating odds ratios (ORs), daily al-
cohol consumption was broken into four
categories: nondrinkers (n = 146), 0.1 to
1.0 drinks (n = 101), 1.1 to 2.0 drinks
(n = 74), and more than 2.0 drinks per day
(n = 70). Median daily consumption for
these groups was 0.0, 0.6, 1.4, and 3.4
drinks, respectively.

Viral Isolates and Virus-Specific
Antibody Levels

Nasal wash samples for viral isola-
tion were collected before viral inocula-
tion and on days 2 to 6 after inoculation.
Samples were mixed with broth and
stored in aliquots at —70°C. Rhinoviruses
were detected in O-Hela cells, respiratory
syncytial virus in Hep2 cells, and corona-
virus in C-16 strain of continuous human

fibroblast cells. When a characteristic cy-
topathic effect was observed, the tissue
culture fluids were passaged into further
cultures and identity tests on the virus
were performed. Rhinoviruses and coro-
naviruses were confirmed by neutraliza-
tion tests with specific rabbit immune se-
rum, and respiratory syncytial virus was
confirmed by immunofluorescent staining
of culture cells.

Levels of neutralizing antibodies and
of specific antiviral IgA and IgG were
determined before and 28 days after chal-
lenge. Neutralizing antibodies (for rhinovi-
ruses only) were determined by neutraliza-
tion tests with homologous virus.13 Results
were recorded as the highest dilution show-
ing neutralization, and a fourfold rise was
regarded as significant. Suitable neutraliz-
ing tests were not available for respiratory
syncytial virus and coronavirus.

Specific IgA and IgG levels for rhi-
noviruses,4 coronavirus,!S and respira-
tory syncytial virus!5 were determined by
enzyme-linked immunosorbent assay.
This test detects the antibody that corre-
lates with neutralization titers, that is as-
sociated with resistance to infection, and
that increases in response to infection.13

Infections and Clinical Colds

A subject was deemed infected if vi-
rus was isolated after challenge or if there
was a significant increase in virus-specific
serum antibody over baseline levels. A
significant increase was defined as either a
fourfold increase in neutralizing antibody
(rhinoviruses) or an increase in IgG or IgA
levels of more than two standard devia-
tions above the mean of nonchallenged
subjects (all viruses). Eighty-two percent
(322) of subjects inoculated with a virus
were infected.

At the end of the trial, the clinician
judged the severity of each subject’s cold
on a scale ranging from nil (0) to severe (4).
Ratings of mild cold (2) or greater were
considered positive clinical diagnoses.
Subjects also judged the severity of their
colds on the same scale. Clinician diagno-
sis was in agreement with self-diagnosis
for 94% of the subjects. Subjects were de-
fined as having developed clinical colds
both if they were infected and if they were
diagnosed by the clinician as having a clin-
ical cold. Of the 391 subjects inoculated
with a virus, 38% (148) developed clinical
colds.

Mucus Weights

Because clinical diagnoses can be in-
fluenced by how subjects present their
symptoms, associations were indepen-
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dently evaluated between smoking status,
drinking rate, and a clinical sign that is not
subject to self-presentation bias: mucus
weights. Mucus weights were determined
by collecting tissues used by subjects and
sealing them in plastic bags. The bags
were weighed, and the weight of the tis-
sues and bags was subtracted. The pre-
challenge measure was based on the sum
of mucus weights from the 2 days before
challenge; the postchallenge measure was
based on the sum of mucus weights from
days 2 to 6 after challenge. The base-10
logarithm of total mucus weights was used

in the analyses.
Standard Control Variables

A series of control variables was as-
sessed to see if alternative explanations
might exist for relations between smoking
and illness and between alcohol consump-
tion and illness. These variables include
serologic status for the experimental virus
before the challenge, age, sex, education,
allergic status, body weight, season, num-
ber of subjects housed together, whether a
subject housed in the same apartment be-
came infected, and identity of the chal-
lenge virus.

Serologic status was defined as pos-
itive when a subject had a baseline neu-
tralizing antibody titer above 2 for rhino-
viruses and a baseline antibody level
greater than the sample median for coro-
navirus or respiratory syncytial virus.
Forty-three percent of subjects were sero-
positive before the challenge.

Because age was not normally dis-
tributed, it was scored categorically as
above or below the median: 18 through 33
or 34 through 54 years. Education levels
were classified on a 9-point scale ranging
from no schooling (0) to doctoral degree
(8). Subjects who reported any allergy
(food, drug, or other) were defined as al-
lergic. A ponderal index (body weight in
kilograms divided by the cube of height in
meters) was used to control for body
weight. The number of hours of daylight
on the first day of the trial was used as a
continuous measure of season. Number of
daylight hours is correlated (r = .80,
P < .001) with average temperature on
the same day. Control for the possibility
that person-to-person transmission rather
than viral challenge might be responsible
for infections or clinical colds was also
included. Because person-to-person
transmission would have been possible
only if a subject sharing the same housing
had been infected by the viral challenge, a
control variable indicated whether any
subject sharing the same housing was in-
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fected. Finally, the challenge virus was a
categorical variable that indicated the ex-
perimental virus to which a subject was

exposed.

Psychological and Immunological
Control Variables

Several additional psychological and
immunological variables were assessed
prior to viral challenge to clarify their po-
tential roles in relations between smoking
and illness and drinking and illness. Psy-
chological stress was assessed because we
reported in an earlier paper that stressis a
risk factor for colds for these subjects.16
Smoking and drinking have both been as-
sociated with higher levels of stress,!? and
it is important to demonstrate that the as-
sociations reported in this article are in-
dependent of the relation between stress
and colds.!8 The psychological stress in-
dex combines recent negative life events,
perceptions of being overwhelmed by de-
mands, and negative emotions.16

Both smoking and drinking have
been associated with the personality char-
acteristic introversion-extraversion.19:20
To ensure that associations between
smoking and illness and drinking and
illness could not be attributed to this per-
sonality characteristic, introversion-ex-
traversion was measured using the Ey-
senck Personality Inventory.?

Finally, smokers have been found to
have elevated white cell counts,?!-2 and
both smokers and drinkers show alter-
ations in immunoglobulins.?32¢ To deter-
mine whether either factor might be re-
sponsible for links between smoking and
illness or drinking and illness, these im-
mune parameters were assessed from
blood and nasal secretions collected be-
fore the viral challenge. White cells were
counted with an automatic cell counter,
and differential counts (lymphocytes,
monocytes, and neutrophils) were calcu-
lated from 200 cells in a stained film. Total
serum and nasal wash IgA and IgE levels,
and total nasal wash protein levels were
assessed by enzyme-linked immunosor-
bent assay.1s Base-10 logarithms of each
differential count and immunoglobulin
measurement were used.

Statistical Analysis

As expected, none of the subjects re-
ceiving saline developed colds, and anal-
yses are based on the 391 subjects receiv-
ing a virus. A logistic regression procedure
was used that provides coefficients and
odds ratios for each variable adjusted for
all other variables in the equation.2 The
odds ratio approximates how much more

Susceptibility to Colds

likely it was that the outcome (infection or
clinical colds) would be present among
smokers as compared with nonsmokers,
or among persons with various drinking
rates as compared with nondrinkers. In-
teractions were tested by determining
whether the interaction term entered the
model after all the main effect terms were
entered. Multiple linear regression was
used in analyses of postchallenge mucus
weights.26

A sequential series of analyses is re-
ported. In the first analysis, only smoking
status and drinking rate are entered into
the equation. Then a model is fitted in
which the set of standard control variables
is entered into the regression along with
smoking status and drinking rate. A final
set of analyses examines the possible role
of the psychological and immunological
variables by entering them into the equa-
tion with the standard controls, smoking
status, and drinking rate.

Results

Preliminary analysis indicated no sta-
tistically significant interactions between
standard control variables and either
smoking status or alcohol consumption in
predicting clinical colds.2¢ Hence, the re-
lations we report are similar for the five
viruses and for groups defined by sero-
logic status, age, sex, allergic status, ed-
ucation, body weight, season, number of
subjects sharing an apartment, and
whether another subject housed in the
same apartment was infected.

Table 1 presents data on select con-
trol variables separately for those who de-
veloped clinical colds and those who did
not. There are associations between clin-
ical illness and four control variables: se-
rologic status (P < .001), virus (P < .001),
whether another subject sharing the same
apartment was infected (P < .014), and
psychological stress (P < .026).16

Smoking Status, Alcohol
Consumption, and Clinical Colds

Thirty-six percent of nonsmokers,
40% of light smokers (1 to 15 cigarettes per
day), and 48% of heavy smokers (> 15 cig-
arettes per day) developed clinical colds.
However, neither the continuous nor the
categorical smoking rate variables were
statistically significant predictors of clini-
cal illness. As a result, we used smoking
status in all remaining analyses. The odds
ratio for smoking status adjusted for drink-
ing rate was 1.67 (95% confidence interval
[CT] = 1.03, 2.70). Adding the standard
control variables to the equation produced
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TABLE 1—Descriptive Statistics (Select Control Variables) Separately for Subjects
Who Developed Clinical Cokds and Those Who Did Not

Subjects Not Subjects
Developing Clinical Developing Clinical
Colds (n = 243) Colds (n = 148)
Mean age, y 344 (0867) 324 (0.90)
Mean education level® 37010 36(0.12)
Mean number of roommates 1.3 (0.04) 1.3 {0.05)
Mean ponderal index® 14.0{0.15) 14.0 (0.21)
Mean number of hours of daylight 13.0{0.18) 12.7 (0.26)
on first day of trial

Mean psychological stress® 72(0.16) 7921
Female, % 58.7 3.2) 655 (3.9)
Seropositive, % 543(3.2) 25.7 (36)
Allergic, % 22627 216(34)
With an infected roommate, % 728(29) 838 (3.0

Note. Standard erors are in parentheses.

AComputed on a 9-paint scale ranging from no schooling (0) to doctoral degree (8). (Mean education levels
between 3 and 4 represent completion of secondary education.)

*Body weight In kilograms divided by the cube of height in meters.

“Measured by an index ranging from 3 fo 12 that was derived by summing subjects’ quartile rankings (1
10 4) on a life events scale, perceived stress scale and negative affect scale.

TABLE 2—Comparison of Drinkers In Each Aicohol Consumption Category with
Nondrinkers In the Prediction of Clinical Colds

Variables Controlled for in Analysis®

Smoking Status,
Smoking Status Standard and
and Standard Additional
Smoking Status Controls Controls
AlcoholicDrinksperDay OR 95%ClI OR 95%Cl  OR  95%Cl
Entire sample (n = 391)
0.1-1.0 081 048,136 075 042 134 067 037,123
1120 053 029,087 045 023087 041 021,082
2.1 or more 043 023,081 0338 019080 036 0.17,076
Nonsmokers only (n = 287)
01-10 080 045143 069 036,133 060 030,119
11-20 050 025101 038 017,084 034 015079
2.1 or more 020 007,056 016 0050498 013 004,043

IgE; and total nasal wash protein.

Note, Analyses include all subjects exposed to a virus, Standard control variables include serologic status
for the experimental virus before the challenge, age, sex, education, allergic status, body weight, season,
number of subjects housed together, whether a subject housed in the same apartment became infected,
and identity of the challenge virus. Additional control variables include psychological stress; infroversion-
extraversion; numbers of lymphocytes, monocytes, and neutrophils; total serum and nasal wash IgA and

SFor the subsample of nonsmokers, smoking status was not a variable controlied for in analysis; thus,
column 1 for nonsmokers is based on no controf variables,

a similar odds ratio, 2.08 (95% CI = 1.18,
3.70). Increased alcohol consumption was
related to decreased susceptibility to clin-
ical colds (P < .004). Odds ratios based
on an analysis of reference-coded drinking
rates are presented in Table 2, column 1,
under “Entire sample”’; and the addition
of the standard control variables to the
equation (column 2) did not alter this as-
sociation. A test of the linearity (polyno-
mial contrasts) of the relation between
drinks per day and colds indicates that
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there is a linear (dose-response) relation
(P < .005).

The interaction between smoking
status and drinking rate was also signifi-
cant (P < .009 without control variables,
P < .008 with controls). The interaction
indicates that the relation between drink-
ing rate and clinical illness differs depend-
ing on whether a person smokes. The na-
ture of the interaction is depicted in Figure
1. As apparent from the figure, smokers
remain at highest risk irrespective of their

drinking rate, but the risk for nonsmokers
is modified by drinking alcohol, with
greater drinking associated with less risk.
To provide accurate estimates of the re-
lation between drinking and illness for
smokers and nonsmokers, we fit separate
regression models for each of these
groups. Alcohol consumption was not re-
lated to illness for smokers but was related
to it for nonsmokers (P < .001). The odds
ratios are presented in Table 2, column 1,
under ‘“Nonsmokers only”’; and the addi-
tion of standard control variables to the
equation (column 2) did not alter this as-
sociation. A test of the linearity (polyno-
mial contrasts) indicates a linear (dose-
response) relation (P < .001).

To determine whether the relation
between drinking and colds was primarily
attributable to weekend or weekday
drinking, we conducted two additional
analyses. Both included smoking status
and standard control variables. In one, we
entered weekend drinking rate as the mea-
sure of alcohol consumption; in the other,
we entered weekday drinking rate. In both
cases, increased rates of alcohol con-
sumption were similarly associated with
decreased risk of colds (P < .02 and
P < .03, respectively). Analyses includ-
ing only nonsmokers indicated similar re-
sults (P < .002 and P < .001).

Our sample did not include enough
subjects who drank more than three
drinks per day for us to accurately assess
whether higher rates of drinking are asso-
ciated with increased or decreased inci-
dence of illness. (Only 10.0% of the entire
sample and only 5.6% of nonsmokers
drank more than three drinks per day). In
an attempt to estimate whether illness in-
cidence increased or decreased as drink-
ing rates exceeded three drinks, we com-
pared the proportion of colds for persons
above and below the median drinking rate
(3.4 drinks) in the ‘2.1 or more” drink
category. The proportions were not reli-
ably different either in the entire sample
(29% colds for those below the median
and 28% for those above) or in the sub-
sample of nonsmokers only (15.0% and
12.5%, respectively).

We were also interested in testing the
possible roles of psychological stress, im-
munity, and personality in the relations
between smoking status and illness and
alcohol consumption and illness. Thus, an
analysis predicting cold incidence was
conducted in which measures of psycho-
logical stress; introversion-extraversion;
number of circulating monocytes, neutro-
phils, and lymphocytes; total serum and
nasal wash IgA and IgE; and total nasal
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wash protein levels were all added to the
regression equation, along with the 10
standard control variables, smoking sta-
tus, and drinking rate. The results for both
smoking status (adjusted OR = 1.93; 95%
CI = 1.03, 3.62) and drinking rate (see Ta-
ble 2 [entire sample], column 3) were rel-
atively unaltered by the addition of the
stress, immunity, and personality control
variables. The results of adding these con-
trol variables to the analysis that included
only the nonsmokers were equivalent.
The results for drinking rate (see Table 2
[nonsmokers only], column 3) were rela-
tively unaltered. Hence, these relations
cannot be accounted for by differences be-
tween smokers and nonsmokers or be-
tween persons of various drinking rates as
measured by any of these variables.

Infection or Symptoms for Infected
Persons?

Subsequent analyses including the 10
standard control variables indicate that
smoking status predicts both incidence of
infection (adjusted OR = 2.23; 95%
CI = 1.03, 4.82) and clinical diagnosis for
infected persons (adjusted OR = 1.83;
95% CI = 1.00, 3.36). Although continu-
ous drinking rate does not predict inci-
dence of infection, it does predict clinical
diagnosis among infected persons
(P < .013). The odds ratios and their con-
fidence intervals are presented in Table 3.
Analysis of only nonsmokers similarly in-
dicates that drinking rate does not predict
infection but does predict clinical diagno-
sis for infected persons (P < .001 for con-
tinuous drinking).

In the analyses presented so far, diag-
nosis of illness is based on clinical judg-
ment. Additional analyses investigated the
associations of smoking and drinking with
a purely objective measure of disease man-
ifestation: total mucus weights. Only per-
sons defined as infected were included
(n = 322). There were no differences in be-
fore-challenge mucus weights of smokers
and nonsmokers. However, smokers had
higher mean after-challenge mucus weights
(18.4 g) than nonsmokers (13.5 g;
F[1,305] = 12.86, P < .001). Surprisingly,
greater rates of drinking were associated
with lower mucus weights before viral
challenge (F[3,304] = 4.27, P < .007) (Ta-
ble 4). Hence, the analysis of after-chal-
lenge mucus weights controlled for before-
challenge mucus weights. Again, increased
aloohol consumption was related to less
mucus production (F[3,303] = 3.77,
P < .012). Although alcohol consumption
was not reliably associated with before-
challenge mucus weights when only the

September 1993, Vol. 83, No. 9

S0
Smokers
40 =
%
”-
o]
o
|
d 2
s .
Nonsmokers
108
ol—1 | |
0 KL 1102 more than 2

Average Number of Alcoholic Drinks per Day

Note. For 0, 0.1 to 1.0, 1.1 to 2.0, and more than 2 drinks per day, cell sample sizes for
nonsmokers are 118, 80, 53, and 36, respectively, and for smokers are 28, 21, 21, and 34,

FIGURE 1—Observed association between number of alcoholic drinks per day, smok-
ing status, and incidence of clinical colds.

TABLE 3—Comparison of Drinkers in Each Alcohol Consumption Category with
Nondrinkers in the Prediction of Infection and Clinical Colds among

Infected Subjects
Entire Sample Nonsmokers Only

Colds for Colds for

Infected Infected

. Infection Subjects Infection Subjects

Alcoholic {n = 391) (n = 322) (n=287) {n = 280)

Drinks per
Day OR 95%CI OR 95%Cl OR 95%Cl OR 895%Cl

0110 060 029,123 082 044,155 075 034,165 070 034,143
1.1-20 053 024,118 045 022,082 052 021,128 035 014,083
2iormore 048 020,115 041 019,089 045 0.16,124 016 005,051

Note. Standard control variables were included in the equations from which these odds ratios were derived.
{in analyses of the entire sample, smoking status was also included in the equation.) Standard control
variables inciude serologic status for the experimental virus before the challenge, age, sex, education,
allergic status, body weight, season, number of subjects housed together, whether a subject housed in
the same apartment became infected, and identity of the challenge virus.

nonsmokers were included in the analysis
(P = .10), drinking rates were similarly as-
sociated with decreases in after-challenge
mucus weights (F[3,212] = 3.87,P < .011).

Di .

Smoking was associated with an in-
creased risk of acute infectious respira-
tory illness. In contrast, alcohol consump-
tion was associated with a decreased risk
of respiratory illness. This was a dose-
response relation, with each increase in
drinking up to approximately three to four

drinks per day associated with a decreased
risk of illness. However, the relation be-
tween alcohol consumption and illness
was modified by smoking status. Smokers
were at relatively high risk irrespective of
how much alcohol they consumed. Non-
smokers who did not drink were at equally
high risk as smokers, but as their con-
sumption of alcohol increased, their risk
forillness decreased. These relations were
relatively unaltered by the 10 standard
control variables as well as by the addi-
tional controls for psychological stress, in-
troversion-extraversion, and immune
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TABLE 4—Mean Mucus Weights (in grams) for infected Subjects Before and After
Viral Challenge for Each Alcohol Consumption Category
Entire Sample Nonsmokers Only
{n = 322) {n = 230
Alcoholic Drinks
per Day Before After Before After
0.0 130 1748 1.15 15.66
0.1-1.0 0.88 17.43 0.94 16.00
1.1-20 048 11.95 0.40 9.18
2.1 or more 0.59 8.70 0.62 592
characteristics including total immuno- symptom development? One possibility is

globulins and white cell differentials.

Increased risk of illness among smok-
ers was attributable to both increased in-
cidence of infection and increased symp-
tomatology among infected persons.
However, the decreased risk of illness as-
sociated with increased drinking was at-
tributable to decreased symptoms among
infected persons but not to decreased in-
cidence of infection.

Although there was some person-to-
person transmission of virus in this study,
the associations between smoking and
colds and drinking and colds were inde-
pendent of whether such transmission was
possible (i.e., whether a subject shared
housing with another infected subject).
Moreover, these associations were similar
for those with and without infected apart-
ment mates. In short, smoking and drink-
ing were associated with host resistance,
not with differential exposure.

The relation between smoking and ill-
ness is consistent with most earlier epide-
miological and immunological research.1-
Because smoking is related to the proba-
bility both of infection and of developing
symptoms, it is probably associated with
more than one process involved in sus-
ceptibility. For example, increased prob-
ability of infection among smokers could
be attributable to deleterious effects of
smoke on nonspecific mucosal processes
that provide frontline barriers against in-
fection. However, the relation between
smoking and increased probability of
symptoms is more likely due to links ei-
ther between smoking and primary (non-
memory) immune processes that limit vi-
ral replication or between smoking and
inflammatory processes involved in the
production of symptoms.

The benefits of alcohol consumption in
relation to susceptibility were unexpected.
The epidemiology and experimental work
with animals indicate that alcoholism and
intoxication are immunosuppressive. Thus,
how could moderate alcohol consumption
be associated with a lower probability of
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that alcohol acts to limit the replication of
the virus through a primary (nonmemory)
immune process. Another is that alcohol in-
hibits inflammatory processes involved in
symptom mediation. For example, ethanol
has been found to produce up to 10-fold in-
creases in cyclic adenosine monophosphate
(AMP) concentrations in human lympho-
cytes.Z7 Cyclic AMP is known to have a
general anti-inflammatory action, including
the inhibition of histamine release,® and
hence it provides a possible pathway
through which ethanol inhibits symptoms
among infected persons. The relation be-
tween alcohol consumption and before-
challenge mucus weights suggests that alco-
hol may have such an anti-inflammatory
effect.

As discussed earlier, smoking nulli-
fies the beneficial effects of moderate
drinking. This likely occurs because of a
particularly powerful influence of smok-
ing on symptom production. For a person
to receive a clinical diagnosis, symptom
duration and severity must exceed a
threshold. If smoking pushes people far
over that threshold, alcohol consumption
may not provide enough of a counter re-
sponse to nullify the effects of smoking.

One problem in interpreting our data
involves distinguishing between the acute
and chronic effects of smoking and drink-
ing. Subjects were allowed to smoke and
drink alcohol (in moderation) during the
trials. As a result, it is unclear whether the
relations we report are acute effects on
host resistance during viral challenge or
effects of habitual drinking and smoking
behaviors on chronic host resistance.

Finally, we are not suggesting moder-
ate drinking as a prophylactic or cure for
the common cold. As discussed earlier, our
data are ambiguous in regard to whether it
is drinking during the trial or chronic drink-
ing rates that are associated with suscepti-
bility. Moreover, given the serious health
risks associated with exceeding two drinks
per day,?-% increased alcohol consump-
tion cannot be recommended. O
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Call for Abstracts on Psychosocial and Behavioral Factors in

The American Psychological Association will sponsor a
national conference on “Psychosocial and Behavioral Factors
in Women’s Health: Creating an Agenda for the 21st Centu-
1y,” May 12-14, 1994, at the Hyatt Regency Hotel, Capitol
Hill, Washington, DC. The goal of the conference is to high-
light the importance of psychosocial and behavioral factors in
women’s health research and the implications for treatment,
prevention, and health policy.

Major foci of the conference will include theoretical
models/frameworks for conceptualizing women’s health; is-
sues in research methodology, measurement, and evaluation;
new research on psychosocial and behavioral factors in wo-

men’s health; implications of psychological factors in treat-
ment, health policy, and interventions; and special issues of
underserved populations (e.g., ethnic minorities, the poor,
women with disabilities). Content areas of interest include
sociocultural influences on health; behavioral and psychoso-
cial risk factors; behavioral and psychosocial factors in health
promotion; and coping, resilience, health, and iliness.

The deadline for receipt of abstracts (800-1000 words) is
October 18, 1993. Send abstracts to Gwendolyn Puryear Keita,
PhD, American Psychological Association, 750 First St, NE,
Washington, DC 20002-4242; tel (202) 336-6044; fax (202) 336-
6040.
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